DETAILED PROJECT REPORT
WITH ENVIRONMENTAL ASSESSMENT

SECTION 205 FLOOD DAMAGE REDUCTION STUDY

MAD CREEK
MUSCATINE, MUSCATINE COUNTY, IOWA

APPENDIX J
STRUCTURAL ANALYSIS
CONTENTS
Subject Page
L€ 3113 Y SRS TRSSRR J-1
2. Structural COMPULATIONS .......eieviiiiiieeiieeriieeeteeeetteesteeetteesbeeetaeessseeesseeessseessseeassseessseennes J-2






DETAILED PROJECT REPORT
WITH ENVIRONMENTAL ASSESSMENT

SECTION 205 FLOOD DAMAGE REDUCTION STUDY

MAD CREEK
MUSCATINE, MUSCATINE COUNTY, IOWA

APPENDIX J
STRUCTURAL ANALYSIS

1. GENERAL

Preliminary structural analysis was performed on the existing floodwall to determine its adequacy
to raise its height by 2 feet. Overturning and internal structural strength analyses were performed
on sections of floodwall that exhibited the greatest potential for failure. Conservative values for
soil properties were utilized in the calculations. Calculations completed on the existing floodwall
are provided on the following pages in this appendix.

The analysis found that the internal structural strength at the interface of the sheet pile and concrete
wall did not meet the EM guidelines. The use of a combined load factor of 2.21 is required,
however, calculations at the probable worse case location indicate only a load factor of 1.7 can be
supported when a 2-foot raise is added to the top of the existing floodwall. An earth berm or
concrete buttresses will be added as needed along the landside of the floodwall to provide the
required additional strength. The additional support is considered to be minimal in cost and should
be more than covered by the 25% contingency placed on the floodwall line item.

All other preliminary computations indicated that the existing floodwall strength is adequate to
support the addition of 2 feet to its height.
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2. STRUCTURAL COMPUTATIONS

MaDWALL INZ
10°2FT FAISE OF TYPICAL FWALL SECTION AT MAD CREEK
20 FLOCD CONTROL PROJECT MUSCATINE 10WA
10 WATER TO TOP OF WaLL
A0 CONTROL CANTILEVER ANALYSIE
SOOWALL BEF 0 B345 300000000 18430
S0 SURFACE RIGHTSIDE 30.0 85126 100 £51.0 280 5400
TOSURFACE LEFTSIDE 4 0.0 351.175 7.0 551.0 10.0 350.0 25.0 5495
A0 SOIL BOTH STRENGTHS 3 A
90 130.0 1200 350 GO0 17.0 D000 5388 Of reEHE
100 1308 1150 0001 4000 900 00001 BIBE 00 Tu e oy
1101250 1150 350 0007 14000001 SH  2bey chay
150 WATER ELEVATIONS 624 5520 548.0 551.25 Automatic
180 FIMIEH -7
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MADNALL EX2

PROGRAM CWALSHT-DESIGNANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS

DATE: 12-0CT-2000 TIME: 14.51.52
ENHHETf
* INPUT DATA =
N

L=HEADING.
"2FT RAISE OF TYPICAL FWALL SECTION AT MAD CREEK

FLOOD CONTROL PROJECT MUSCATINE 100
WATER TO TOP OF WalLL

N-CONTROL

CANTILEVER WalLL ANALYSIS
SAME FACTOR OF SAFETY APPLIED TO ACTIVE AND PASSIVE FRESSURES.

IIL-WWALL DATA
ELEVATION AT TOP OF WALL = 56200 FT)
ELEVATION AT BOTTOM OF WALL = §34.50 (FT)
WALL MODULLIS OF ELASTICITY =  300E+07 (PSI)
WisLL MOMENT OF INERTIA = 18420  (IN""4/FT}

IV ~SURFACE POINT DATA

I ARIGHTSIDE
DIST FROM ELEVATION
WALL (FT} iFT)
0 59125
10,80 581,00
20.00 S4:0.040

B LEFTSIDE
DIST FROM  ELEWVATION

WALLIFT) FT

.09 S511E
700 581,00
1000 560,00

2500 549.50

W--50IL LAYER DATA

WA ~RIGHTSIDE LAYER DATA

AMNGLE OF ANGLE OF = BAFETY.>
SAT. MOIET INTERMAL COH-  Wall  ADH-  =-80TTOM-= <-FACTDR-=
WGHT, WGHT, FRICTION ESIOM FRICTION ESION ELEV. SLOPE ACT. PASS.

(PCF) (PCF) (DEGI (PSF) (DEG) (PSFI (FT)(FT/FT)
130400 12090 3500 LI 0 5350 .00
130000 11500 410 000 an 0 53851 00
12500 11500 3500 4 1400 Nl

W.B —~ LEFTEIDE LAYER DATA

AMGLE OF ANGLE OF =-SAFETY->
SAT MOIET INTERNAL COH- WALl ADH-  <-BE0 T TOM--> <-FALTOR-=
WOHT, WGHT FRICTION ESION FRICTION ESION ELEY. SLOPE AGT. PASS
(PCFy (PCFY (DEGY) (PSFY (DEGY (PSR FTVFTUFT)
100 12000 3500 Q9 1TOR 0 52s) ™
130.00 115.00 00 4000 00 & 53850 .00
12500 11500 3500 a4 1aan a

WL -WATER DATA



MADNALL EXZ
UNIT WEIGHT = &2 4D (PCF)

RIGHTEIDE ELEVATION = S482.00 (FT)
LEFTSIDE ELEVATION = B4B00 [FT)
SEEPAGE ELEVATION = 551.25 (FT}
SEEPAGE GRADIENT = AUTOMATIC

VIlL--SURFACE LOADS
MONE

VIIL-HORIZONTAL LOADS
MOKE

FROGRAM CWALSHT-DESIGNMNALYSIS OF ANCHORED OR CANTILEVER SHEET FILE WALLS
BY CLASSICAL METHODS
OATE: 12-0CT-2000 TIME: 14.53.42
EX RIS i
* EUMPMARY OF RESULTS FOR °

* CAMTILEWER WALL ARALYEIS ®
ElHIETEEii-

| —HEADING
"2FT RAISE OF TYPICAL I-WALL SECTION AT MAD CREEK
'FLOOD CONTROL PROJECT MUSCATINE 10WA
WATER TO TOP OF \WaLL

L --SUMMARY

RIGHTSIDE S0IL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD

LEFTESIDE S0IL PRESSLURES DETERMINED BY S\WWEEP SEARCH WEDGE METHOD

FACTCR OF SAFETY . 128 = |, 2o Lo - o
MAR. BEND. MOMENT (LB-FT): 35725,
AT ELEVATION (FT} @ 543.25
MARIMUM DEFLECTION (IN) - 2.31B2E-00
AT ELEVATION (FT1 - S82.40
SEEPAGE GRADIENT . 4528

FROGRAM CWALSHT-DESIGHMNALY SIS OF ANCHORED OR CANTILEVER SHEET PILE WaLLS
BY CLASSICAL METHODS
DATE: 12-0CT-2000 TIME: 14.53.42

Ellisiiiiiinin
o COMBLETE RESULTS FoR »

* CAMTILEVER WALL ANALYSIS *
SRR TR

| =HEADING



MADMALL EX2

BET BAISE QF TYPICAL LWALL SECTION AT MAD CREEK
FLODD CONTROL PROJECT MUSCATINE IOWA
WWATER TO TOP OF WaLL

IL=-RESULTS

BEMDIMNG HET
ELEVATION  MOMENT SHEAR  DEFLECTION PRESSURE
(FTk {I-H-ﬂl-'l'] 1II:I-B:I (M) [Pﬁﬂm

SE2.00 B . 25EE«ND

S61.00 10 3. 2 184TE+D] g2.40
60,00 33 124 2.0512E+00 124.90
5aR.00 281 281, 1.9MTEEHID 18720
85800 BB, 484, 1.T824E+00 24880
S5T.00 1300 TED. 18512E«00 31200
556.00 2246, 1923 1 51B5E+00 37440

85800 56T, 1824 13864E+D0 43580
854,00 5525, 1847, 1.2585E=00 489,20

55300 TSR 2527, TA263E=00 36160
E52.00 10400 320 8 5346E-01 624,00
§51.25 12920, 3808 2. 0a942E-1 70,80
55118 12192, 3655 B.9TZ3E-M GBS 45
55118 13182, 65, &.8TI3E-M 7543
£51.00 12842, ATET. B 75e8E- S8z 67
55018 17107, 4095, T.ITISE-0 202,28
850,00 172, _442% T BEBSE-MM 119,60
4871 18021, |AT40 "7 2318E-01 .an

54938 20480,  ATTE BBIGEE-DY 14742
54800 21840, 4036, G4M00E-D1 425

E4E00  ISA00. IE54. SISI0ED1 -46L00
S4T00  TEEIDI- U 3R 43745E-D ETIFO
AR RIS, 2406 3ATEIED  -RODO4
54500 34148, 1723, ZEBI9E-D1  -B4ET7I

504,00 2 THE.  1EBZIE-D1  -1003.52
543,00 GrE 260, 1,4012BE01 117098
542.00 : -1544,  BA4BSE-DZ  -133B.05

541.00 254 -2B75. SASM4E-D2  -152372
240,00 TR —4EO7 A FTIGE-DZ  -17ADOE
539,85 27042 ~5274. 2.5888E-02 20707
539,56 26553 -5458. ZA25TE-DZ  -1859081
534,50 230 5671 23JB8E-02  -1BBBTS
534,43 25851 1T 22B4E-D2 1BOFTE
53815 24168 A158 1.TES0E.02  -1483.82
538.03 23450 A31e 16282E-02 -1324.35
530.00 23234 4354 1.5848E-02 -1283.15
510 50 18817 884 1 02JELE  ATTH
530,00 18430, 04T E22EDY STLET
537 Q0 FEEE, 507 AT1I9E-03 113947
A56.00 20 ATEHZ 7 7938F04  FABOTO
535.00 435, -1804. 254TOE-DE  3581.98
PET Y fi A AMBIE+ON 413070

Wl --500L PRESSURES

ELEVATION =< LEFTSICE PRESSURE (PSFi» <RIGHTSIDE PRESSURE (P3F)=
iFTi PASSIVE ACTIE ACTIVE PASSIVE
252 00 a. &
SET.00
sa0.0a
856,00
SHE. 00
5T 00
S56.00
56500
55400
S840
552.00
551.25+
51 5.
SH1. 18
55118
£51.00
A0 18 335
55000 629
San 71 TEE

sossspapasoo
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540,35
S48.00
24B.00
24700
S4E.00
54500
524 00
542,00
54200
£41.00
540,00
53942
578,56
53550
5643
83818
53803+
538.03-
538.00
838 80
S3E.00
=3r.co
S36.00
S535.00
£34.53
534 04

438,
1105
1343
1414
1514
1632
1TED,
1868,
2038,
2162,
T30,
2445,

o,
T3
T4,
1031
Tz,
1031,
B218.
Belld.
ZFEE.
a0,
i
FEt
X204

G5,
77
137

124,
138,

146

1587,
166,
1TE

B1E.
217

21

226,
32,
240,

54.
64

122
150

174,
207,
2348.
2635
263
Ix.

20

14,

18,

BES.
&5

410
432

450

4E5
478

B15.
S6E."
032

a02.
ElEE
1182
1377
582"
1309~
g2
1980
1304
1128
1124,
1140,
1187,
1179
1178,
118z
STk,
B3935,
47er,
4187,
4028,
4061,
1549,

MADWALL EXZ



Subject: Mad Creek I-Wall Raise

Date: 1072572002

Computed By: Cory D@ Long, P.E. Checked By: Faga: 1

Mad Creek - Two foot raise of I-wall, hydraulic load starts at top of

2 foot raise. Moments and shears were determined with CWALSHT,

filename MADIWALL.IWZ. Scll properties were chosen Lrom typical

values found in text books and borings from the area. A wall ssction

with the least embankment on the unprotected side was used.

Internal Stress Checks (Bending and Shear of Concrete and Sheet Pile)
Giwven :

. Ibf . Ibf . . Ibf Inf Global
psi = —~:— psi=— kip = 10001LE ksi = IIZNJ':!—2 pef = — conversions
fi in in
foi= d-kai Concrele compressive strangth
Yo 1= B2.5pel Unit weight of water
E i= 29500-ksi Modulus of elasticity for steel
fy = 60ksi Yield strength
reinforcing bars
d - im Diameter of vertical reinforcing bars
Shar g

hbarspace = %in Horizontal spacing of wall tension reinforcing
tow = 10in Top of wall thickness
ELy, = 5621t Elevation of top of wall

ELnomeonc = 5491

!

Concrete wall elevation to calculate section properties for moment capacity

Slope of wall side

wall T 5y

teoyer = 2.5i0 Clear concrete cover over reinforcing
| Uspar

S moment = | tow * 2"‘w;enI'{E]"mw - ELmummnc] ~ toover = N

J-12




Zubject: Mad Creek I-Wall Raise Daka:10/25/3002

Computed By: Cory De Long, F.E. Checked By: Faga: 2

dpnoment = 20-18Bin Depth of concrete wall from center of tension reinforcement o
outarmost compression fiber of concrete

b= 12in Longitudinal length considered for analysis

Check Moment Capacity of Concrete Portion of I-¥Wall

M e = 21940-ft-IbE Moment at base of concrete wall - from CWALSHT
Ly=17 Live load factor
Hp=1.3 Hydraulic load factor
MU = LT-Hf'\{mHE

M, = 484874 - Ibf

®mom = 09
M,
M, = M, = 646.499 kip-in Factored Moment
#mom
' M, M
33274 — 24956 ——
qu = if] [ = 3ksi, {kip-in} -im, I -im Required depth of wall for moment,
| b L] Equation good for 3ksi and ksl
|_ in in concrete and grade 60 reinforcing bars.
qu =11.595in
M
K, = 1- [1- . -
U'dzj'rc'h'dmomcnt
K, =0.04
0850 K b-d
Agreq = et moment Required area of moment reinforcement
.2
"ﬂ‘SJ'Eu_. = 115451

J-13



Subject: Mad Creek I-Wall Raise Date:10/25/2002

Computed By: Cory De Long, P.E. Checked By: Page: 3
d 2
b T Shar 2 - .
A = : A = (.405in Existing area of moment reinforcement
sprov T 4 BProv
barspace

CK mameone = if (Asreq < Asproy: "G00D FOR MOMENT","NO GOOD FOR MOMENT"

[CK mameonc = “NO GOOD FOR MOMENT"

Check Shear Capacity of Concrete Portion of I-Wall

Peppar = 0.5
EL,prarcane = $49.710 Concrete wall elevation to calculate section properties for shear
capacity
d5har
Sshear = |:Ll.uw * 2'sw:tll'[ET"tu::r'.:.r B ELsh.c:m.'am:,} ~eaver ~ e
dopeqr = 19478 in Depth of concrete wall from center of tension reinforcement to

outermost compression fiber of concrete

f
¢ Ibf
Vo= 2 ’—-b-d — V. =20563ki
C psi shear 3 c P

n

Voone = 41401bf

Shear force at EL 549.71
from CWALSHT output

V= LeHeV, . Wy = %145 kip Faclored shear force at EL 549.71

CKghearcone = 11 Vi < $shear Ve "GOOD FOR SHEAR","NO GOOD FOR SHEAR"

[CK shearcanc = "GO0D FOR SHEAR"

Check Moment Capacity of Sheet Pile Portion of |-Wall

Mgyap) = 35689-fi-Inf Maximum moment in sheet pile at EL 543
from CWALSHT output

J-14



Subject: Mad Creek 1-WAll Raise

Computed By: Cory De Long, P.E.

Checked By:

Date:10/25/2002

Pago: 4

| == fin

Cateme
-4
Ligeel = 184 2an

Miteel Cstec]

Fateel T 1
steel

Usml = 13.95ksi

T llgw = 25°ksi

Distance from MA to outermost tension fibar

Moment of inertia of FZ27 on a per foot basis

Allowable tensile strength of A328 shee! piling

CKITII.'!II'I'IHI.L‘A.',I = ir[gsml < UEI]UW‘ "GOOD FOR MOMENT™ ._"ND GOOD FOR MUMEN-IHJ

1CK'H1011151.EE| = "GOOD FOR MGWNT"_I

Check Moment Capacity of Sheet Pile Portion of 1-Wall

Viteel = TO41IBE

Aghear = %in-]Ein

W

teel .

oy = ——— a, = 1.565ksi

"'"':s'l'll.'a:
F}, = 39ksi
Gi‘a]lﬂw = “.4F}r G\'EHW = 15.6ks
CRysteel = iFI;"v = Tyallow
CRysteel = "GOOD FOR SHEAR"®

Maxirmum shear in sheet pile at EL 538 from
CWALSHT output

Approximate web area of sheet pile

Ehear stress in weab of sheet pile

Yield stress of AJ28 steeal

Allowable shear stress of A328 steal

"GOOD FOR SHEAR" ,"NO GOOD FOR SlIEﬁR"}
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